Background and objectives. The mesangial deposition of IgA is rarely described with proliferative glomerulonephritis associated with Staphylococcus infection. Recently, this association has been increasingly recognized possibly due to the increased rate of Staphylococcus infection. Design setting, participants and measurements. We report two cases of methicillin-sensitive Staphylococcus aureus bacteremia associated with acute proliferative glomerulonephritis with dominant mesangial deposit of IgA. We searched MEDLINE (1960MEDLINE ( -2009) for similar reports. We pooled individual patient data and reported descriptive statistics of all published cases. Results. Forty-six cases were included in the final analysis. The mean age of presentation was 59, with a male predominance (84%). Clinical presentation was notable for rapidly progressive glomerulonephritis with nephrotic-range proteinuria and normal complement levels in 52 and 72%, respectively. Methicillin-resistant S. aureus (68%) was the most common pathogen isolated with a latent period ranging from 1 to 16 weeks. Diffuse mesangial proliferation was commonly found with crescentic lesions noted in 35% of the cases. Antimicrobial treatment was associated with renal recovery in 58% of the cases. Need for renal replacement therapy was significantly associated with pre-existing diabetes, hypertension and interstitial fibrosis seen on kidney biopsy. Conclusions. IgA-dominant post-Staphylococcus glomerulonephritis is a rare clinical entity with certain unique clinical and morphologic features. It is difficult to differentiate from primary IgA nephropathy in cases where the infection is not apparent. An acute onset of rapidly progressive glomerulonephritis, with normal complement levels and deposition of mesangial IgA in an elderly patient should raise suspicion for this rare form of glomerulonephritis.
Background
The mesangial deposition of IgA immune complex is not typically described with acute postinfectious glomerulonephritis (APIGN). Its presence in renal biopsy is usually indicative of IgA nephropathy or Henoch-Schönlein purpura. However, a recent review of 86 cases of APIGN showed that glomerular IgA staining was detected in 44% of cases and Staphylococcus was the culprit infection in 23% of all cases (1) . Classically, Staphylococcus infection-related glomerulonephritis is associated with glomerular immune complex deposits, which contain complement (mainly C3), IgG and sometimes IgM. A distinct form of Staphylococcus-associated glomerulonephritis characterized by IgA-dominant or codominant glomerular deposits has been increasingly recognized. We hereby report two such cases as well as a review of the 46 cases reported in the literature.
Case 1

Clinical history and initial laboratory data
A 73-year-old white man with a history of colon cancer, diabetes mellitus type 2, hypertension and coronary artery disease was transferred to our hospital for management of recurrent right pleural effusion after he underwent a resection of liver metastasis. At the outside hospital, culture of the pleural fluid yielded no growth, but his blood cultures were positive for methicillin-sensitive Staphylococcus aureus (MSSA).
On physical examination, the patient was afebrile, hemodynamically stable with anasarca and bilateral crackles on lung auscultation. There was no skin rash. His basic metabolic profile was normal. A computed tomography scan of the chest and abdomen showed persistence of the right pleural effusion and subnephric fluid collection. He was continued on intravenous (i.v.) vancomycin and underwent ultrasound-guided drainage of both collections. After 2 weeks, the patient developed acute kidney injury with a rise in creatinine to 3.6 mg/dL, decreased urine output, macroscopic hematuria and nephrotic-range proteinuria (13 g/24 h). He did not have other features of nephrotic syndrome such as hypoalbuminemia and hypercholesterolemia. Urine analysis showed dysmorphic red blood cells (RBCs) without any cellular casts. Serology for viral hepatitis, HIV, antinuclear antibodies (ANAs), Anti-neutrophil cytoplasmic antibodies (ANCAs), C3, C4 and cryoglobulin were normal. Urine and serum protein electrophoresis were normal. The patient underwent a kidney biopsy on hospital Day 20 and was started on intermittent hemodialysis (IHD).
Kidney biopsy
Seventeen glomeruli were present, 10 of which showed both endocapillary and mesangial hypercellularity with leukocyte infiltration. One glomerulus had a cellular crescent, four glomeruli had segmental hypercellularity, two were globally sclerotic, and one was unremarkable. Neither fibrinoid necrosis nor fibrous adhesions were seen. There was a mild degree (10%) of tubular atrophy and interstitial fibrosis. A mild chronic inflammatory area composed of lymphocytes and occasional plasma cells was seen in the interstitium ( Figure 1A ). Immunofluorescence revealed IgA and C3c deposition in a 31 granular pattern, predominantly mesangial but with occasional segmental capillary loop staining. Kappa and lambda were 11 in similar distribution. IgG, IgM, C1q and albumin were negative ( Figure 1B) . On ultrastructural examination, the glomerular basement membrane was mildly thickened (mean of 0.54 l with an adult normal range being 0.23-0.48 l). Mesangial deposits were predominant, with occasional subendothelial deposits. No subepithelial humps were present. Extensive epithelial foot process effacement was evident ( Figure 1C) . A diagnosis of diffuse proliferative glomerulonephritis with dominant mesangial deposits of IgA was made.
Clinical follow-up
The patient was continued on IHD three times per week and i.v. vancomycin after each session of dialysis. With the finding of crescents and lack of improvement with eradication of the MSSA bacteremia, the patient was started on a trial of prednisone 60 mg daily. The patient's kidney function did not recover despite 6 weeks of treatment with i.v. vancomycin and 4 weeks of treatment with steroids. He remained on hemodialysis at his 6-month follow-up.
Case 2
Clinical history and initial laboratory data A 69-year-old woman with a history of atrial fibrillation, hypothyroidism and chronic kidney disease secondary to contrast-induced nephropathy was transferred for treatment of a pacemaker lead infection with MSSA.
On exam, the patient was afebrile with a blood pressure of 170/80 mmHg. A 3/6 systolic murmur was noted on cardiac exam. Her skin exam was negative for rash or embolic lesion. She had 21 pitting edema in her lower extremities. Her laboratory exam was notable for a haemoglobin of 7.05 mg/dL and a serum creatinine of 3.23 mg/ dL. Urine analysis showed protein 31 and blood 21 by dipstick; urine microscopy showed 30 dysmorphic RBCs/ high-power field, many RBCs casts and several degraded cellular casts. Oval fat bodies and numerous maltese crosses were noted. A 24-h urine collection showed 3.6 g of protein. ANA, ANCA, cryoglobulin, C3, C4, HIV and hepatitis serologies were normal. A transesophageal echocardiogram showed a mobile echodensity present on the atrial side of the right ventricular pacemaker lead. A kidney biopsy was obtained on hospital Day 3.
Kidney biopsy
Of 18 glomeruli present, 7 showed mild segmental hypercellularity, predominantly mesangial and occasionally endocapillary, with rare polymorphonuclear leukocytes. Two glomeruli were globally sclerotic, one was globally hypercellular, and the rest were unremarkable. There was moderate arteriosclerosis. Abundant eosinophilic casts without cellular reaction were present, predominantly in the medullary region. Immunohistochemistry for myoglobin A was negative. Mild tubular atrophy, interstitial fibrosis and chronic interstitial inflammation with occasional eosinophils were noted. (Figure 2A ). Immunofluorescence revealed IgA, lambda and C3c deposition in the mesangium. Staining for IgG, IgM, kappa, C1q and albumin was negative ( Figure 2B ). Electron microscopy showed that the glomerular basement membrane was within the normal adult range (0.36 l). Mesangial electron-dense deposits were abundant.
Subepithelial humps were not seen. There was mild epithelial foot process effacement ( Figure 2C) . A diagnosis of IgA-dominant focal proliferative glomerulonephritis was made.
Clinical follow-up
The patient was started on i.v. oxacillin and underwent extraction of the infected pacemaker lead. Repeat blood cultures were negative for MSSA. Her creatinine decreased to 2.2 mg/dL after 1 week from initiation of the antibiotics. She was discharged on a 6-week course of i.v. oxacillin. At 1-month follow-up, the patient's creatinine returned to baseline of 1.5 mg/dL. Her proteinuria resolved but she continued to have microscopic hematuria.
Literature search and statistical analysis
We searched MEDLINE (December 1960-2009) using the relevant keywords such as glomerulonephritis, postinfectious glomerulonephritis, IgA nephropathy and Staphylococcus infections. Articles were reviewed to validate the postinfectious glomerulonephritis with IgA deposition. References of the included articles were searched for additional studies. After the review process, a total of 46 cases were identified (2-18) with available individual patient data. We pooled data regarding basic demographics (age, gender), comorbid conditions (hypertension, diabetes), clinical presentation (acute renal failure, hematuria, type and site of infection), laboratory values [creatinine at the time of diagnosis, urine analysis findings and complement) and clinical outcomes (death and/or need for renal replacement therapy (RRT)].
We performed descriptive statistics of all cases and expressed as mean AE SD (minimum and maximum) or median (10th and 90th percentile) for continuous variables or n (%) for categorical variables. We also explored the factors associated with the need for RRT among these cases by using the Wilcoxon rank-sum test for continuous variables and Fisher's exact test for categorical variables.
Discussion
Proliferative glomerulonephritis with dominant mesangial IgA deposition secondary to Staphylococcus infections is a rare clinical entity that has been described mainly in case reports. This association is rarely reported in North America but has been well documented in Japan (2). In fact, the first description dates back to 1995 when Koyoma et al. According to our review, this type of glomerulonephritis affects mainly elderly patients. The mean age at presentation was 59 AE 16, with male predominance (84%). Mean serum creatinine at the time of diagnosis was 2.53 mg/dL. A medical history of hypertension and diabetes were present in 14 and 22% of the cases, respectively. The most common sites of infection were in order of frequency: skin infection, deep-seated abscesses, surgical wounds, pneumonia and joint infection. The clinical presentation was IgA-dominant Staphylococcus infection-associated glomerulonephritissimilar to our cases with a rapidly progressive glomerulonephritis characterized by an abrupt onset of acute kidney injury, active urine sediment and heavy proteinuria. Data regarding blood pressure at the time of the glomerulonephritis diagnosis was not reported in most of the cases. Nephrotic-range proteinuria and microscopic hematuria were noted in 50 and 83% of the cases, respectively. Thirteen patients had skin lesions of purpuric nature that were histologically similar to Henoch-Schönlein purpura. Normal complement levels were noted in the majority of cases (72%) and constitute one of the most important features that distinguish this entity from other cases of APIGN. The infection was not obvious clinically at the time of onset of the glomerulonephritis in 25% of the cases and the latency period ranged between 1 to 16 weeks. Methicillinresistant Staphylococcus aureus (MRSA) was the etiological agent in 68% of the cases. Table 1 summarizes the clinical features of these case reports.
The pathogenesis of this rare disease is not entirely clear. Proposed mechanisms include the role of Staphylococcus superantigens (3) . Staphylococcus enterotoxin may act as a superantigen by binding directly to the major histocompatibility complex Class II molecules on the membrane of antigen-presenting cells and on the specific V b chain of T-cell receptors (19) . This process leads to proliferation and massive activation of T cells with release of lymphokines including interleukin 1, 2 and 6, tumor necrosis factor and interferon-c (20) . This burst of cytokines activates B cells that will produce polyclonal IgA and IgG, which will result in the formation of immune complex and deposition in the glomeruli (21) .
The histological features on light microscopy were of various types of mesangial and/or endocapillary proliferation.
Fibrocellular crescents were reported in 35% of the cases. Interstitial fibrosis was commonly found in 70% of the patients with a mean grade of 11. Hyaline thrombi that resemble cryoglobulin were noted in two cases (1) . All cases with diabetes had features of diabetic glomeruloscelrosis. Immunofluorescence is classically noted for a 21 IgA predominant or codominant with IgG immune complex deposition in the mesangium in a granular pattern. Sixty-one percent of the cases had a 21 intensity for the IgA staining and 32% of the cases had a 11 IgG staining. Kappa and lambda were 21 stained in 45 and 68% of the cases, respectively. The stronger intensity of staining for IgA and lambda might favor the diagnosis of IgA nephropathy over postinfectious glomerulonephritis when cases of post-Staphylococcus IgA-dominant glomerulonephritis were compared to control with primary IgA nephropathy (1). On electron microscopy, various numbers of large mesangial electron-dense deposits were seen in most of the cases. Large subepithelial 'humps' and subendothelial deposits classically described with other APIGN were unusual.
The morphological features described above are clearly more similar to those found with idiopathic IgA nephropathy than to those found with another form of postinfectious glomerulonephritis such as poststreptococal glomerulonephritis (1). It is possible that cases have been misdiagnosed with IgA nephropathy or non-diagnosed for example in a diabetic patient in whom an infected ulcer was overlooked. Age at onset, type and latency of infection, renal function and amount of proteinuria are important clinical clues to distinguish primary IgA nephropathy from Staphylococcus infection-associated glomerulonephritis. On subgroup analysis (data not shown), there was no difference between the MRSA and the MSSA cases in term of clinical presentation and outcomes. It is unclear why MRSA was more prevalent. One possible explanation could be related to susceptibility of MSSA to routine antibiotics use, which leads to rapid eradication of the infection and subsequent prevention of the development of the glomerulonephritis.
The outcome of a patient with IgA-dominant postStaphylococcus infection is variable. In our review, all patients were treated with anti-staphyloccous antibiotics. Renal recovery was noted in 27 (56%) patients. RRT and death were noted in 16 (33%) and 7 (14%) patients, respectively. Nine patients additionally received steroids (18%). Of the nine patients who received steroids, two patients died, another patient required RRT and the six others had improvement in their kidney function. The role of steroids in treating this rare glomerulonephritis remains unclear at this point. Satoskar et al. (2) have suggested that steroids should be avoided because of the increased risk of worsening of the infections. Although occasional case reports advocate the use of steroids (15) , further randomized studies are needed to better define the role of steroids. However, such studies are difficult to perform with the small number of cases reported.
Predictors of long-term outcome after postinfectious glomerulonephritis are not well defined (22) . Understanding the limitation of collecting and combining data from published case reports, we explored the factors associated with the need for RRT. This need was significantly associated with the presence of pre-existing diabetes, hypertension and fibrosis on kidney biopsy (Table 2 ). Even though not statistically significant, higher serum creatinine at presentation and low complements might anticipate the need for dialysis in these patients.
Conclusions
IgA-dominant Staphylococcus glomerulonephritis is a rare clinical entity with unique clinical and morphologic features that all nephrologists need to be aware of for making the correct diagnosis. The occurrence of a rapidly progressive glomerulonephritis in an elderly patient with mesangial deposit of IgA and normal complement should raise suspicion for a Staphylococcus infection-associated glomerulonephritis. The presence of diabetes, hypertension and interstitial fibrosis were associated with worse outcomes. Further studies are needed to determine why only a subset of patients with Staphylococcus infection developed such rare glomerulonephritis.
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